Background: Since 2003, it has been routine practice at Children's and Women's Health Centre of British Columbia to monitor serum levels of prolactin in pediatric patients with cystic fibrosis who are receiving domperidone. Although a pharmacologic relationship between domperidone and prolactin has been documented in the literature, there is no information about routine monitoring of prolactin, and guidance on interpretation of prolactin values is lacking.
INTRODUCTION

D
omperidone, a prokinetic and antiemetic agent, is a peripheral dopamine 2 -receptor antagonist with effects in the upper gastrointestinal tract and the chemoreceptor trigger zone. Domperidone antagonizes the effect of dopamine on the smooth muscle, including the gastric and esophageal sphincters, which results in increased smooth-muscle contraction in the stomach and duodenum and hence increased gastrointestinal motility. Antagonism of dopamine action at the chemoreceptor trigger zone results in antiemesis. At the pituitary level, antagonism of dopamine leads to prolactin release, and as such, domperidone has been reported to cause gynecomastia, galactorrhea, oligomenorrhea, amenorrhea, infertility, decreased libido, hirsutism, and acne, all of which are manifestations of hyperprolactinemia. 1 Pediatric patients with cystic fibrosis account for a large proportion of domperidone users because of the high incidence of gastroesophageal reflux disease (GERD) in this population (estimated at between 25% and 81%). 2 Prokinetic agents such as domperidone are frequently prescribed to alleviate GERDrelated symptoms and to target the delay in gastric emptying that has been noted in this population. 3 At the Children's and Women's Health Centre of British Columbia, GERD therapy for children with cystic fibrosis typically involves a histamine 2 -antagonist (e.g., ranitidine) or a proton pump inhibitor (e.g., omeprazole). Domperidone is prescribed if these therapies are ineffective or not tolerated. At the time of writing, domperidone was prescribed for the alleviation of GERD symptoms for about 40% of patients with cystic fibrosis at this institution. As of late 2005, use of the drug exceeded 83 600 tablets per year, an increase from 14 600 tablets per year in 2001. This increase was related to withdrawal of the prokinetic agent cisapride from the Canadian market in August of 2000.
In March 2003, the cystic fibrosis medical team was involved in caring for a 15-year-old female with cystic fibrosis who presented with amenorrhea and in whom prolactinoma was subsequently diagnosed. At the time, she was receiving multiple drug therapies, including domperidone 0.9 mg/kg daily, for the management of her cystic fibrosis. The physicians involved in her care, including the cystic fibrosis and endocrinology medical teams, suspected that the prolactinoma might be associated with the use of domperidone. Domperidone therapy was therefore discontinued, and serial samples were drawn for determination of serum prolactin levels to monitor her progress. At the time of diagnosis of the prolactinoma, the patient's prolactin level was elevated, at 83.6 µg/L (normal range 3. .7 µg/L); it decreased to a normal value of 11.6 µg/L within 2 days of discontinuation of domperidone therapy. Suspecting a direct, clinically significant relationship between the elevated prolactin level and domperidone, the cystic fibrosis team began to routinely monitor prolactin levels in all children with cystic fibrosis who were receiving this drug.
No specific guidelines are in place at this institution for monitoring prolactin or interpreting prolactin values in patients receiving domperidone therapy. A thorough literature search (using MEDLINE, EMBASE, PubMed, the Cochrane Database of Systematic Reviews, and Google databases) revealed no published guidelines for interpreting prolactin values in this population nor any evidence supporting this practice. In view of this lack of evidence and apparent inconsistency in the timing, frequency, and clinical interpretation of prolactin levels in relation to domperidone dosing, as well as the associated costs ($30.76 for a single prolactin determination), a review of this practice was undertaken.
The purpose of this chart review was to assess the use of prolactin monitoring in children with cystic fibrosis who were receiving domperidone therapy. The specific objectives were to characterize how prolactin values were used in monitoring these patients, to evaluate the appropriateness of this practice, and to formulate recommendations accordingly.
METHODS
A chart review was conducted for pediatric patients with cystic fibrosis who were admitted to the Children's and Women's Health Centre of British Columbia between June 1, 2001, and October 1, 2005. This study period was selected to capture data before and after the previously described case that had precipitated routine monitoring of prolactin in patients with cystic fibrosis who were receiving domperidone. Patients who were receiving domperidone and for whom prolactin level had been measured at least once were included in the chart review. Patients who did not have cystic fibrosis were excluded because only patients who had this disease and were receiving domperidone therapy routinely underwent prolactin monitoring at this institution. A list of all inpatients for whom domperidone therapy had been prescribed during the study period was obtained from records in the Pharmacy Department, and a list of all patients who had had samples drawn for determination of prolactin level was obtained from the Department of Pathology and Laboratory Medicine. Only inpatients were included, as laboratory records from outside the institution (especially for patients referred from outside the hospital's immediate geographic location) were not readily available for review. The 2 lists were cross-referenced to generate a final list of patients whose charts were retrieved for review.
Data collected in the chart review included demographic characteristics, medication history, domperidone doses, frequency of administration, duration of therapy, serum prolactin values, and the times at which the samples were drawn for serum prolactin determination. Data reflecting the efficacy of domperidone therapy (e.g., gastric emptying scans, reflux studies, severity of symptoms), any reported toxic effects of domperidone (e.g., signs or symptoms associated with abnormal serum prolactin levels), and patients' compliance with the regimen were also captured.
All measurements of serum prolactin were obtained using the Beckman Access Immunoassay System (Beckman Instruments, Inc, Fullerton, California), a paramagneticparticle chemiluminescent immunoassay system that quantifies serum prolactin levels within the range of 0.25 to 200 µg/L. All prolactin values were compared with the laboratory's normal reference ranges as follows: 2.6-13.1 µg/L for males and 3. .7 µg/L for premenopausal females.
Outcome Measures
The way in which prolactin values were used for monitoring was characterized by calculating the percentage of patients with elevated prolactin levels and the percentage of elevated values that resulted in dosage adjustment, and by evaluating the results for dual samples drawn from patients for whom withinrange prolactin levels had raised questions about patient compliance. Appropriateness of therapy was evaluated by considering how the prolactin values had been interpreted.
Data Analysis
Medians and ranges were calculated for nonparametric data.
RESULTS
Records from the Pharmacy Department and the Pathology and Laboratory Medicine Department identified 71 patients who had received domperidone therapy and who had undergone monitoring of serum prolactin levels between June 1, 2001, and October 1, 2005. Of these, 22 patients were excluded because they did not have a diagnosis of cystic fibrosis. A total of 49 pediatric patients with cystic fibrosis, 26 females and 23 males, were included in this chart review.
The median age at initiation of domperidone therapy was 8.5 years (range 1 month to 18 years). The median dose of domperidone was 1.42 mg/kg per day (range 0. .41 mg/kg per day) ( Figure 1 ). Dosing guidelines at this institution during the study period recommended a dosage of 1.2-2.4 mg/kg per day for children. 4 A total of 219 samples for determination of prolactin levels were drawn from the 49 study patients during a total of 106 hospital admissions and 88 visits to the cystic fibrosis clinic. No prolactin levels had been measured before March 2003, when the previously described case of hyperprolactinemia resulting in amenorrhea and development of a prolactinoma had been reported.
Of the 49 study patients, 39 (80%), consisting of 20 males and 19 females, had a record of at least one elevated prolactin value. All of these patients had been receiving domperidone as outpatient therapy before admission, and baseline prolactin levels had not been measured before the start of therapy. Of the 219 prolactin values reported, 100 (45.7%) were above the normal range, 111 (50.7%) were within the normal range, and 8 (3.7%) were below the normal range. There appeared to be no relationship between the patients' domperidone doses and the measured prolactin levels (Figure 2 ). The median domperidone dose associated with prolactin values in the normal range was 1.24 mg/kg per day (range 0. .41 mg/kg per day), and the median dose associated with elevated prolactin values was 1.43 mg/kg per day (range 0.72-2.26 mg/kg per day). In fact, none of the elevated prolactin values resulted from supratherapeutic domperidone doses.
To determine if the measured prolactin level influenced domperidone therapy, data reflecting whether the domperidone dose had been changed as a result of the prolactin level were recorded from the charts. Of the 100 values above the normal range, 86 (86%) resulted in no dosage adjustments, 9 (9%) resulted in a dosage decrease, and 5 (5%) resulted in discontinuation of domperidone therapy (Figure 3) . The prolactin levels resulting in a decrease in domperidone dose ranged from 42.2 to 91.1 µg/L (Table 1) , and those resulting in discontinuation of therapy ranged from 59.8 to 131.9 µg/L ( Table 2 ). The patients had been receiving domperidone doses ranging from 0.74 to 2.26 mg/kg per day and from 0.88 to 1.40 mg/kg per day, respectively. For the 9 instances in which an elevated prolactin value resulted in a decrease in domperidone dose, prolactin levels were also measured subsequent to the dosage decrease. The prolactin level rose in 3 cases and declined in 6 cases, but in 5 of the 6 latter cases, prolactin was still above the laboratory reference range. For the 86 cases in which elevated prolactin level resulted in no dosage adjustment, the prolactin values ranged from 13.2 to 72.2 µg/L in association with domperidone doses ranging from 0.72 to 2.25 mg/kg per day.
Prolactin levels are known to fluctuate during the day, with peak production during sleep and lowest production occurring at mid-afternoon. 5 The time at which samples were drawn for prolactin determination varied greatly both between patients and within the same patient, with 137 (62.6%) of the 219 samples being drawn in the morning (median prolactin level 19.6 µg/L, range 0.9-99.8 µg/L) and 82 (37.4%) being drawn in the evening (median prolactin level 15.0 µg/L, range 0.7-131.9 µg/L). Given this variability and the diurnal pattern of prolactin production, domperidone dose might not have been the only factor influencing the measured values of prolactin.
The cystic fibrosis team considered prolactin levels below or at the lower limit of the normal reference range to be suggestive of noncompliance with therapy. In 15 (31%) of the 49 patients, a total of 17 prolactin values (median 5.9 µg/L, range 2. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .1 µg/L) were deemed suggestive of noncompliance. Of the 106 hospital admissions, 25 (23.6%) had records of 2 measurements of prolactin level, one at admission and one before anticipated discharge (after a 2-week hospital stay). For 23 of these patient admissions, the domperidone dosage remained the same throughout the hospital stay. In 20 (87%) of these 23 cases, the prolactin level increased from a median of 10.9 µg/L at admission (range 3.3-35.5 µg/L) to a median of 29.5 µg/L before discharge (range 8. .8 µg/L); in the other 3 (13%) cases, the prolactin level decreased from a median of 39.4 µg/L at admission (range 16.3-41.4 µg/L) to a median of 24.9 µg/L before discharge (range 7.0-34.2 µg/L). For 1 of the other 2 admissions with dual prolactin measurements (at admission and before discharge), the domperidone dosage was decreased because the initial prolactin level was elevated, at 50.1 µg/L; however, even with the lower dosage, the subsequent prolactin level was higher, at 63.7 µg/L. In the other case (the patient with amenorrhea and prolactinoma, described above), the domperidone was discontinued and the prolactin level declined.
Among these 25 admissions, 4 female patients were questioned about compliance because the admission prolactin value was within the normal range (median 7.0 µg/L, range 4.4-12.4 µg/L). For all 4 of these patients, prolactin level increased by the time of discharge, although it remained within the normal range (median 13.0 µg/L, range 11.9-26.3 µg/L). There were 16 other admissions for which poor compliance may have been considered, given that prolactin levels were checked on admission and before discharge, although the patients were not specifically questioned. In these 16 cases, prolactin level increased during the hospital stay, from a median of 13.6 µg/L (range 3. .5 µg/L) at admission to a median of 37.8 µg/L (range 8. 3-82.8 
µg/L).
With the exception of the previously described patient with amenorrhea and prolactinoma, who was treated in 2003 and whose experience precipitated the routine measurement of prolactin levels, no reports of hyperprolactinemia-related side effects directly attributable to domperidone therapy were noted in the study population.
This chart review revealed 2 cases of amenorrhea in female patients 16 and 17 years of age. The 16-year-old patient was receiving medroxyprogesterone acetate by injection concurrently with domperidone therapy, and the 17-year-old patient was recovering from gastrointestinal bleeding. The prolactin level for these patients when amenorrhea was reported was 38.9 µg/L and 3.9 µg/L, respectively. Both cases of amenorrhea were deemed unrelated to domperidone therapy.
The chart review also revealed 2 reports of delayed puberty. Domperidone therapy was discontinued for a 13-year-old girl whose measured serum prolactin level was elevated, at 131.9 µg/L, while she was receiving domperidone 0.88 mg/kg per day. It was unclear whether the elevated prolactin had contributed to this patient's delayed puberty. The second patient was a 14-year-old girl whose serum prolactin level was 27.3 µg/L while she was receiving a low dose of domperidone; in this patient, delayed puberty was attributed to a family history of late menarche.
DISCUSSION
Although the literature confirms that domperidone therapy is associated with increases in serum prolactin levels and that symptoms of hyperprolactinemia have been reported as a result of using this drug, there is inconsistency with regard to the relationship between dosage or duration of therapy and prolactin level. 1, 6, 7 Furthermore, there is no apparent relationship between serum prolactin level and the severity of symptoms associated with hyperprolactinemia. 7 A thorough literature search revealed no guidelines for monitoring prolactin. Furthermore, manufacturers of domperidone do not suggest, or provide guidance on, routine prolactin monitoring for patients receiving this drug. A literature search for pediatric reference ranges for prolactin revealed great variability, depending on the patient population and the assay used to determine serum prolactin. Reference ranges were further categorized by age, sex, growth percentiles, and Tanner staging, [8] [9] [10] [11] all of which might have influenced the measured prolactin levels in the current study.
Case reports of adverse effects associated with domperidone therapy were also identified in the literature search. Nipple tenderness, gynecomastia, galactorrhea, and erectile dysfunction have been reported in adults receiving domperidone for the treatment of gastrointestinal symptoms. 7, [12] [13] [14] [15] Among pediatric patients, there have been reports of domperidone-associated extrapyramidal dysfunction, oculogyric crisis, galactorrhea, and gynecomastia. [16] [17] [18] [19] This chart review appears to be the first study to report the monitoring of serum prolactin levels in pediatric patients who had cystic fibrosis and were receiving domperidone therapy. This practice does not appear to be employed for pediatric patients being treated with domperidone in the absence of cystic fibrosis, either at the Children's and Women's Health Centre of British Columbia or at other Canadian pediatric hospitals.
This study revealed that physicians considered patient reports of GERD symptoms and the results of gastric reflux scanning and gastric emptying studies in assessing the efficacy of a patient's GERD regimen and determining whether to alter therapy. Although prolactin levels did not assist physicians in monitoring the efficacy of domperidone therapy, they were nonetheless a factor in guiding dosage, specifically for decreasing domperidone dose in cases of elevated prolactin levels, with a view to preventing symptoms of hyperprolactinemia. However, baseline serum prolactin levels were not checked before the start of domperidone therapy in any of the patients in this study, which might have affected interpretation of the data and subsequent therapy. At times, the prolactin value was also used as an indicator of compliance. Four of the patients in this study were questioned about compliance and underwent prolactin monitoring on admission and before discharge. On the assumption that patients would be compliant with therapy while in hospital, the prolactin level might be expected to increase, and this trend was indeed observed, although values remained within the reference range. This finding supports the hypothesis that low levels may indicate poor compliance. However, prolactin levels may not be elevated above the normal reference range while a patient is receiving domperidone, so a single low prolactin value cannot be taken as proof of noncompliance. Paired measurements, obtained at the start and end of the hospital stay, may constitute a better indicator, but further investigation is warranted, as the prolactin level may unexpectedly be lower at discharge than admission.
In keeping with the results of the literature search, 1, 6 no apparent relationship was observed between domperidone dose and prolactin level. The domperidone doses that the patients were receiving when their prolactin was elevated were all below or within the recommended dosage range of 1.2-2.4 mg/kg per day.
Only 14% of the elevated prolactin values led to a decrease in domperidone dose or discontinuation of therapy. The inconsistency in therapeutic adjustment for patients with elevated prolactin suggests inconsistency in interpretation of these data or other unspecified factors affecting such decisions.
Except for the case of prolactinoma described above, there were no other reports of hyperprolactinemia symptoms directly attributed to domperidone therapy. In this study population, the highest prolactin level recorded was 131.9 µg/L, with no adverse effects attributed to hyperprolactinemia. The patient was a 13-year-old female who had not reached menarche and who was receiving a subtherapeutic dose of domperidone at the time. Although the patient was asymptomatic, the domperidone was discontinued as a result of this prolactin result. Symptoms of hyperprolactinemia were not recorded for any of the other 48 patients, but because this was not a prospective trial designed to elucidate such symptoms, their absence cannot be stated with certainty.
This chart review revealed much variability in the timing of prolactin measurement, both within and between patients. In addition to the known diurnal fluctuation in prolactin release, prolactin levels may be altered by factors such as stress, eating, and exercise. 5 As such, it is important to consider these factors when measuring and interpreting prolactin levels. In addition, reference prolactin levels at the authors' institution were derived primarily from adult values. Given the great variability in pediatric reference ranges in the literature, it would be useful to define pediatric reference ranges for specific institutions to help in interpreting measured values.
The findings reported here, as well as the apparent lack of a relationship between domperidone dose and prolactin level, suggest that it may be inappropriate to alter domperidone therapy on the basis of elevated prolactin level alone. For therapeutic drug monitoring of aminoglycosides, for example, a patient's serum drug levels can be monitored and the dose adjusted according to pharmacokinetic parameters estimated for that particular patient. In contrast, it is not clear how a domperidone dosage adjustment will affect a patient's prolactin level or if elevated prolactin will result in symptoms of hyperprolactinemia. Further research is needed to determine if there is a dose-response relationship between domperidone and prolactin levels and if there is a relationship between prolactin levels and symptoms of hyperprolactinemia. The question of whether high prolactin levels indicate toxicity needs further exploration through prospective trials and specific objective measures of potential toxic effects. Until such questions are answered, the measurement of prolactin levels will remain of limited use in adjusting domperidone dosage.
The possible use of prolactin levels as an indicator of patient compliance deserves further investigation. The observation of low prolactin levels at the start of a hospital stay associated with higher levels at the end of the hospital stay is consistent with the suggestion that the initial levels reflect poor compliance. However, more data are needed regarding the variability of serum levels of prolactin and the factors contributing to this variation.
This study had some limitations. First, it was a retrospective study in a small sample of patients. Data were based on a review of medical records, which might not have fully captured the decision-making process related to interpreting prolactin values. Second, this review was not designed to determine whether a dose-response relationship exists between domperidone and prolactin level. The literature evidence for such a relationship is mixed. Third, patients' compliance with their domperidone regimen outside of the hospital stay was unknown. Finally, baseline prolactin was not determined before the start of domperidone therapy, and samples for prolactin monitoring were drawn at different times of the day, which may have contributed to the observed fluctuation of levels.
This study has brought to light the difficulties in interpreting prolactin values and the need for more information before the true role of serum prolactin in monitoring domperidone therapy and evaluating patients' compliance can be determined.
